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APPARATUS AND METHOD FOR MAINTAINING AND/OR 
RESTORING VIABILITY OF ORGANS 

p^V 3£^ROTINn OF THF, TN VENTION 

\ viM of Invention 
5 ' The invention relates to an apparatus and method for perfusing one or more 

organs to monitor, sustain and/or restox. the viability of the organ(s) and/or for 
transporting and/or storing the organ(s). 

2 • ppRcri ption nf Related Art 

Preservation of organs by machine perfusion has been accomplished 

,0 typomennic^nperatnreswi* or vviton, compter con«.>»i*c,ysMloi<> 

perf^ and ™*on. oxygenaUon. See, for example, U.S. Pa«nt Nos. 5,149,32. , 
5 395,314, 5.584,804, 5,709,654 and 5,752,929 and U.S. Paient Applicaaon 
No 08/484,601 to Klatzetal.,whichare hereby incorporated by reference. 

Hypothermic temperan^ provide a decrease in organ metabolism, lo»er the energy 
,5 reqmremen^. ^'X ^ "epledon of high energy phosphate reserves and accumnl."on 
of lactic add and retMd the morphological and fimctional deteriomtion assocated 
™th disruption of blood supply. Oxygen can not be utilized effleienUy by 
u^toehondria belo« app«.ximately 20-C to produce energy and ti,e reduction m 
catalase/s„pen>xidedismutase promotion and a^rbyl and glutadnone regeneration a. 

20 low temperannes allov« high free radical fomtation. The removal of oxygen from 
perfusates during lov, temperatine machine perfi^ion has even pn>ven helpfi.1 m 
improving organ transplant results by some investigators. 

Reduction in potential oxygen damage is also accomplished «a the addttio. of 
antioxidants to tite perfitsate. In particular, this has proven usefij in reducing organ 
25 damageafterlongv^misehemiatimes. Nmnerous other perfusate additives have 
also been reported to improve tite outcome of machine perftaaon. 

Ideally organs would be procured in a manner which Umits titeir warm 
ischemia time to essentially zero. Unfortimately, in reality, many organs, espectally 
from non-beating hear, donors, arc p«,cured after extended wam i=.bemia time 
30 pedods(i.e.45minutesormore).Thcmachineper.usionofthes.organsa.low 

tempemti^e has demonstrated si^ficantimprov».entCrra.splIntl996 Daemen). 
Further ptior art teaches tha, the low tempenUure machine perfitsion of organs ts 
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preferred at low pressures (Transpl. Int 1996 Yland) vdth roller or diaphragm pumps 
delivering the perfiisate at a controlled pressure. Numerous control circuits and 
pumping configurations have been utilized to achieve this objective and to machme 
perfi.se organs in general. See, for example, U.S. Patents Nos. 5,338,662 and 
5 494 822 to Sadri; U.S. Patent No. 4.745,759 to Bauer et al.; U.S. Patents 
Nos.5,217,860and5,472,876toFahyetal.;U.S.PatentNo. 5,051,352 to Martindale 

et al • U S Patent No. 3,995,444 to Clark et al.; U.S. Patent No. 4,629,686 to 
Gruenberg; U.S. Patents Nos. 3,738, 914 and 3,892.628 to V.om. et al.; U.S. Patents 
Nos 5 285,657 and 5,476,763 to Bacchi et al.; U.S. Patent No. 5,157,930 to McGhee 
10 et al • andU.S Patent No. 5,141,847 to Sugimachi et al. However, the use of such 

pumps for machine perfi^ion of organs increases the risk of overpressurization of the 
organshouldtheorganperfi^ionapparatusmalfi^nction. High pressure perfiision 
(e g above about 60 mm Hg) can wash offthe vascular endothelial iimng of the 
orgaL and in general damages organ tissue, in particular at hypothermic temperatures 
15 where the organ does not have the neurological or endocrinal connections to protect 
itself by dilating its vasculature under high pressure. 

Furthermore, the techniques used for assessment of the viabUity of these 
machine perfiased organs have been a critical factor in limiting the organs from greater 
use While increased organ resistance (i.e., pressure/flow) measurements dunng 
20 machine perfiision are a usefi.1 indicator, they demonstrate only the worst case 
situations. 

During the low temperature machine perfiision of organs which have been 
damaged by warm ischemia time or by the machine perfi^ion itself, the organs wiU 
elute intracellular and endothethial as well as membrane constituents. Over the years 
25 the appearance of various ubiquitous intracellular enzymes, such as lactic 

dehydrogenase (LDH) and alkaline phosphatase, in the perfiasate has been used as a 
biomarker of organ damage. Recently, the determination of the prince of alpha 
glutathione-S-transferase (a-GST) and Pi glutathione-S-transferase (p^ST) m low 
temperature machine perfiasion perfiasates has proven a satisfactory indicator m 
30 predicting the fimctional outcome of non-beating heart donor kidney grafts before 
transplantation (Transpl 1997 Daemen). 

The prior art has also addressed the need to restore or maintain an organ's 
physiological fimction after preservation for an extended period of time at 
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hypothennic temperatures. In particular, U.S. PatentNo. 5.066.578 to Wikman- 
Coffelt discloses an organ preservation solution tiiat contains large amounts of 
pyruvate. Wikman-Coffelt teaches that flooding of the organ with pyruvate bypasses 
glycosis tiie step in the cell energy cycle that utilizes adenosine triphosphate (ATP) to 
produce pyruvate, and pyruvate is then available to tixe mitochondria for oxidative 
phosphorylation producing ATP. Wikman-Coffelt teaches perfusing or washing an 
organ at a warm temperature witi. a first preservation solution containing pyruvate for 
removal of blood or other debris fiom the organ's vessels and to vasodilate, increase 
flow and load tiie cells with an energy supply in the form of a clean substrate, namely 
the pyruvate. Wikman-Coffeh teaches tiiat tiie pyruvate prevents edema, ischemia, 
calcium overload and acidosis as well as helps preserve the action potential across the 
cell membrane. The organ is ti^en perfused witii a second perfusion solution 
containing pyruvate and a small percentage of etiianol in order to stop tiie organ from 
working, vasodilate the blood vessels allowing for Ml vascular flow, continue to load 
the ceUs witix pyruvate and preserve the energy state of the organ. Finally tiie organ 
is stored in a large volume of tiie first solution for 24 hours or longer at tempemtures 

between 4<'C and lO^C. 

However, the mitochondria are the source of energy in cells and need 
significant amounts of oxygen to fimction. Organs naturally have significant pyruvate 
levels and providing an organ witii additional pyruvate will not assist in restormg 
and/or maintaining an organ's fiJl physiological function if the mitochondria are not 
provided witi. sufficient oxygen to fimction. Further, briefly flooding an organ with 
pyruvate may, in fact, facilitate tearing off of the vascular endotiielial lining of the 
organ. 

U.S. Patent No. 5,599,659 to Brasile et al. also discloses a preservation 
solution for warm preservation of tissues, explants, organs and endotiielial cells. 
Brasile et al. teach disadvantages of cold organ storage, and proposed warm 
preservation technology as an alternative. Brasile et al. teach tiiat tiie solution has an 
enhanced ability to serve as a medium for the culture of vascular endotiielium of 
3 tissue, and as a solution for organs for transplantation using a warm preservation 

technology because it is supplemented witii serum albumin as a source of protem and 
colloid- trace elements to potentiate viabUity and cellular fimction; pyruvate and 
adenosine for oxidative phosphorylation support; transferrin as an attachment fector; 
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insulin and sugars for metabolic support and glutathione to scavenge toxic free 
radicals as well as a source of impermeant; cyclodextrin as a source of impermeant, 
scavenger, and potentiator of cell attachment and growth factors; a high Mg-H- 
concentration for microvessel metabolism support; mucopolysaccharides, comprising 
primarily chondroitin sulfates and heparin sulfates, for growth factor potentiation and 
hemostasis; and ENDO GRO™ as a source of cooloid. impermeant and specific 
vascular growth promoters. Brasile et al. further teach warm per&sing an organ for 
up to 12 hours at iO^C, or merely storing the organ at temperatures of 25»C in the 

preservation solution. 

However, flooding an organ with such chemicals is insufficient to arrest or 
repair ischemic injury where the mitochondria are not provided with sufficient oxygen 
to function to produce energy. The oxygen needs of an organ at more than 20»C are 
substantial and cannot be met by a simple crystalloid at reasonable flows. Further, 
assessment of the viabiUty of an organ is necessary before the use of any type of 
1 5 solution can be determined to have been fruitful. 

ST TMM ARY OF THF. INVENTION 
The present invention focuses on avoiding damage to the organ during 
perfusion while monitoring, sustaining and/or restoring the viabiUty of the organ and 
preserving the organ for storage and/or transport. Hie invention is directed to an 
apparatus and method for perfusing an organ to monitor, sustain and/or restore the 
viability of the organ and/or for transporting and/or storing the organ. More 
particularly, the organ perfusion appamtus and method according to the mvention 
monitor, sustain and/or restore organ viability by perfusing the organ at normothermic 
temperatures (nomiothermic perfusion mode) preferably prior to and followed by 
organ perfiision at hypothermic temperatures (hypothermic perfusion mode) for 
transport and/or storage of the organ. 

The restoring of organ viabiUty may be accomplished by restoring high energy 
nucleotide (e.g., adenosine triphosphate (ATP)) levels and enzyme levels m the organ 
which were reduced by warm ischemia time by perfusing the organ with an 
oxygenated medical fluid, such as an oxygenated cross-linked hemoglobin-based 
bicarix>nate medical fluid, at normothermic or near-normothermic temperatures. Hie 
organ may be flushed with a medical fluid prior to perfusion with the oxygenated 
medical fluid. Such perfusion can be performed at either normothermic or 
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hypothermic temperatures. Tlie medical fluid preferably contains UtUe or no oxygen 
and preferably includes antioxidants, both molecular (e.g., 2-ascorbic acid tocopherol) 
and enzymatic (e.g., catalase and superoxide dismutase (SOD)). Normothermic 
perfusion can be performed in vivo as well as in vitro. Such perfusion anests or 
repairs ischemic injury in preparation of transport, storage and/or transplant of the 
organ. 

In the normothermic perfiision mode, gross organ perfiision pressure is 
preferably provided by a pneumatically pressurized medical fluid reservoir controlled 
in response to a sensor disposed in an end of tubing placed in the organ, which may be 
used in combination with a stepping motor/cam valve or pmch valve which provrdes 
for perfusion pressure fine tuning, prevents overpressurization and/or provides 
emergency flow cut-off. Substantially eliminating overpressurization prevents and/or 
reduces damage to the vascular endothelial lining and to the organ tissue in general. 
Viability of the organ may be monitored, preferably automatically, in the 
normothermic perfusion mode, preferably by monitoring organ resistance 
(pressure/flow) and/or pH. pO„ pCO„ LDH, T/GST and Tprotein levels in the 
medical fluid that has been perfiised through the organ and collected. 

Normothermic perfusion may be followed by hypothermic perfusion. In the 
hypothermic mode, the organ is perfosed with a medical fluid containing substantially 
no oxygen, preferably a simple crystalloid solution preferably augmented with 
antioxidants, intermittenUy or at a slow continuous flow rate. Hypothermic perfosion 
also can be performed in vivo as well as in vitro. Hypothermic perfusion reduces the 
organ's metabolic rate allowing the organ to be preserved for extended periods of 
time. The medical fluid is preferably fed into the organ by gravity firom an 
intermediary tank which has a low pressure head so overpressurization of the organ is 
avoided. Substantially eliminating overpressurization prevents or reduces damage to 
the vascular endothelial lining of the organ and to the organ tissue in general, in 
particular at hypothermic temperatures when the organ has less ability to protect itself 
by vascular constriction. Viability of the organ may also be monitored, preferably 
automatically, during the recovery process, preferably by monitoring organ resistance 
(pressure/flow) and/or pH, pO. pCO,. LDH, T/GST and Tprotein levels in the 
medical fluid that has been perfused through the organ and collected. 
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This invention includes a control system for automatically controlling 
perfusion of one or more organs by selecting between perfusion modes and control 
parameters. Automatic perfusion may be based on sensed conditions in the system or 
manually input parameters. The system may be preprogrammed or programmed 
during use. Default values and viability checks are utilized. 

The present invention also provided an organ cassette which allows an organ 
to be easily and safely moved between apparatus for perfusing, storing and/or 

transporting the organ. 

ppTPP nPSPRTPTION THF. DRAWINGS 

■niese and other aspects and advantages of the invention will become apparent 
from the following detailed description of embodiments when taken in conjunction with 
the accompanying drawings, in which: 

Fig. 1 is an organ perfiision apparatus according to the invention; 

Fig. 2 is a schematic diagram ofthe apparatus of Fig. 1; 

Fig. 3 is a diagram ofthe electronics ofthe apparatus of Fig. 1; 

Fig. 4 is an exploded view of a first pump module of a combined pump, 
filtration, oxygenation and/or debubbler apparatus according to the invention; 

Fig. 5 is an exploded view ofafiltrationmoduleofacombined pump, filtration, 

oxygenation and/or debubbler apparatus according to the invention; 

Fig. 6 is an exploded view of an oxygenation module of a combined pump, 
filtration, oxygenation and/or debubbler apparatus according to the invention; 

Fig. 7 is an exploded view of a debubbler module of a combined pump, 
filtration, oxygenation and/or debubbler apparatus according to the invention; 

Fig. 8 is an exploded view of a second pump module of a combined pump, 
filtration, oxygenation and/or debubbler apparatus according to the invention; 

Fig. 9 is an exploded perspective view showing the modules of Figs. 4-8 

assembled together; 

Fig. 10 is a front perspective view of an assembled modular combined pump, 
filtration, oxygenation and/or debubbler apparatus according to the invention; 

Figs. 1 1 A - UD show side perspective views of various embodiments of an 
organ cassette according to the invention; 

Fig. 12 is an organ perfiision apparatus configured to simultaneously perfiise 

multiple organs; 
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Figs. 13A and 13B show a stepping motor/cam valve according to the 

on; 

Figs. 14A - 14F show another stepping motor/cam valve according to the 



invention; and 

Fig. 15 shows a block diagram that schematically illustrates the control system 

according to the invention. 

T^PT^TT T^r. nFsrRTPTIOT^ PRKFF.RRED FMBODTMENTS 
For a general understanding of the features of the invention, reference is made 
to the dra^vings. In the drawings, like reference numerals have been used throughout 

to designate like elements. 

Figure 1 shows an organ perfosion apparatus 1 according to the invention. 
Figure 2 is a schematic Ulustration of the apparatus of Fig. 1. The apparatus 1 is 
preferably at least partially microprocessor controlled, and pneumatically actuated. 
The microprocessor 150 connection to the sensors, valves, thermoelectric units and 
pumps of the apparatus 1 is schematically shown in Fig. 3. 

The organ perfiision apparatus 1 is capable of perfasing one or more organs 
simultaneously, at both normothemuc and hypothermic temperatures (hereinafter, 
normothermic and hypothermic perfusion modes). All medical fluid contact surfaces 
are preferably formed of or coaled with materials compatible with the medial flmd 
used more preferably non-thrombogenic materials. As shown in Fig. 1, the apparatus 
1 includes a housing 2 which includes front cover 4, which is prefembly translucent, 
and a reservoir access door 3 . The apparatus preferably has one or more control and 
display areas 5a, 5b. 5c, 5d for monitoring and controlling perfiision. 

As schematically shown in Fig. 2, enclosed within the housing 2 is a reservour 
10 which preferably includes three reservoirtanks 15a, 15b, 17. Two of the reservoir 
tanks 15a, 15b are preferably standard one liter in&sion bags, each with a respective 
pressure cuff 16a, 16b. A pressure source 20 can be provided for pressurizing the 
pressure cuffs 16a, 16b. The pressure source 20 is preferably pneumatic and may be 
an on board compressor unit 21 supplying at least 10 LPM external cuff activation via 
gas tubes 26,26a,26b, as shown in Fig. 2. Tlie invention, however, is not limited to 
use of an on board compressor unit as any adequate pressure source can be employed, 
for example, a compressed gas (e.g., air. CO. oxygen, nitrogen, etc.) tank (not shown) 
prefembly with a tank volume of 1.5 liters at 100 psi or greater for internal 
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pressurization. Alternatively, an internally pressurized reservoir tank (not shown) 

may be used. 

Gas valves 22-23 are provided on the gas tube 26 to allow for control of the 
pressureprovidedbytheonboardcompressorunit21. Anti-back flow valves 24a, 24b 
may be provided respectively on the gas tubes 26a, 26b. Pressure sensors P5, P6 may 
be provided respectively on the gas tubes 26a, 26b to relay conditions therein to the 
microprocessor 1 50, shown in Fig. 3. Gas valves GV. and GV, may be provided to 
release pressure from the cuffs 16a, 16b. One or both of gas valves GV. andGV.may 
be vented to the atmosphere. Gas valve GV, in communication with reservoir tanks 
15a, 15b via tubing 18a, 18b may be provided to vent air from the reservoir tanks 15a, 
15b through tubing 18. The third reservoir tank 17 is preferably pressurized by 
pressure released from one of the pressure cuffs via gas valve GV,. 

The medical fluid may, for example, be a simple crystalloid solution, or may 
be augmented with an appropriate oxygen carrier. The oxygen carrier may, for 
example, be washed, stabilized red blood cells, cross-linked hemoglobin, pegolated 
hemoglobm or fluorocarbon based emulsions. The medical fluid may also contam 
antioxidants known to reduce peroxidation or free radical damage in the physiological 
environment and specific agents known to aid in tissue protection. As discussed m 
detail below, an oxygenated (e.g., cross-linked hemoglobin-based bicarbonate) 
solution is preferred for the normothermic mode while a non-oxygenated (e.g., simple 
crystalloid solution preferably augmented with antioxidants) is preferred for the 
hypothermic mode. The specific medical fluids used in both the normothermic and 
hypothermic modes are designed to prevent the washing away of or damage to the 
vascular endothelial Uning of the organ. 

The perfosion solution may be provided in a perfusion solution kit, for 
example, a saleable package preferably containing at least one first contamer holding 
a first perfusion solution for normothermic perfiision and at least one second contamer 
holding a second, different perfi^ion solution for hypothermic perfiision, optionally 
the box 10 shown in Fig. 2. The first perfiision solution may contain at least one 
) oxygen carrier, may be oxygenated and/or may be selected from the group consistmg 
of a cross-linked hemoglobin and stabilized red blood cells. THe second perfiision 
solution may be non-oxygenated, may contain at least one anti-oxidant, and/or may 
contain at least one vasodilator. Additionally, the solution may contain no more than 
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5 mM of dissolved pyruvate salt. Also, the first container and the seeond contamer 
„.ay be configured to be operably connected to a perfiision machine as perfusion fluid 
reservoirs in fluid conununication with perfusate conduits of said perfiasion machme. 
Further one of the first and second containers may be compressible to apply pressure 
to the perfusion solution therein. Furthermore, at least one of the first and second 
containers may includeafirst opening for passage ofacontainedperfi^ion solution 

out of the container and a second opening passage of a compressed gas mto the 
container. Tlie package may be a cassette configured to be operably connected to a 
perfiision machine for connection ofthe first and second containers within the cassette 

in fluid communication with perfiisate conduits or tubing of the perfiision machme. 

The medical fluid within reservoir 10 is preferably brought to a predetermmed 
temperature by a first thermoelectric unit 30a in heat transfer communication with the 
reservoir 10. A temperature sensor T3 relays the temperature within the reservoir 10 
to the microprocessor 150. which adjusts the thermoelectric unit 30a to mamtam a 
desiredtemperaturewithinthereservoirlOand/ordisplaysthetemperatureona 

control and display areas 5afor manual adjustment. Alteniatively or inad^^^^^ 
preferably where the organperfiision device is going to be transported, the medical 

fluid within the hypothermic perfiision fluid reservoir can be cooled utilizmg a 
cryogenic fluid heat exchanger apparatus such as that disclosed in co-pendmg 
application Serial No. 09/039,443, which is hereby incorporated by reference. 

An organ chamber 40 is provided which supports a cassette 65, as shown m 
Fig 2 whichholdsan organ to beperfiised,oraplurality of cassettes 65,65,65, as 
showiiinFig. 12, preferably dis^sedoneadjacenttheother. Various embodim^ts of 
thecassette65aresho^^inFigs. IIA-IID. TTie cassette 65 is preferably formed of a 
materialthatisU^tbutdi^blesothatthecassettefiSishighlyportable. ^material 

may also be transparent to aUow visual inspection of the organ. 

Preferably the cassette 65 includes side walls 67a, a bottom wall 67b and an 
organsupportingsurfece66,whichispreferablyformedofap«rousormeshmatenalto 

aUow fluids to pass therethrough. THe cassette 65 may also include a top 67d and may 
be provided with an opening(s) 63 for tubing (see, for example. Fig. 1 ID). THe 
opemng(s)63mayincludeseals63a(e.g.,septtimsealsoro-ringseals)andoptio^^^^ 
be provided .dthplugs(notshown)to prevent contaminationoftheorganand mamtam 
asterileenvironment. Also, the cassette 65 may be provided with a double air vent 
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61 (see, for example. Fig. IID). Additionally, the cassette 65 may be provided with 
tubing for connection to theorganortoremovemedical fluid fiom the organbathanda 

connection device(s) 64 for comiecting the tubing to, for example, tubmg 50c, 81, 82, 91 

and/or 132 (see, for example. Fig. 1 ID). The cassette 65, and more particularly the 

5 organ support, opening(s), tubing(s) and/or connection(s), may be specifically tadored to 

the type of organ and/or size of organ to be perfused. Outer edges 67c of the side 
^pportwalls67acanbeused to support the cassette 65 disposed intheorganchamber 

40 Tlie cassette 65 may further include a handle portion 68 which allows the cassette 
65 to be easily handled, as sho.^. for example, inFigs. llCand IID. Each cassette 65 
1 0 may also be provided with its own stepping motor/cam valve 65 (for example, m the 
handle portion 68, as shown in Fig. HQ for fine tuning the pressure of medical fluid 
perfused into the organ 60 disposed therein, discussed in more detail below. The 
cassette 65 is configured such that itmay be removed fiomihe organ per&sion 
apparatus 1 and transported to another organ perfiision apparatus in a portable tran^^ 
15 apparatus,suchas,forexample,aconventionalcooleroraportablecontainersuchas 
that disclosed in simultaneously filed co-pending U.S. Application No. 09/161,919, 
which is hereby incorporated by reference. 

When transported, the organ is disposed on the organ supporting surface 66 and 
the cassette 65 is preferably enclosed in a preferably sterUe bag 69, as shown, for 
20 example,inFig. IIA. When the organ is i^rfused with medical fluid, effluent medi^ 
fluid collects in thebag 69 to form an organbath.Altematively,the cassette 65 canbe 
formed withafluid tight lower portionin which the effluent medical fluidmaycoUect, 
or the effluentmedicalfluidmay collect inthe organ chamber 40 to form the organ bath. 
In either alternative case, thebag 69 wouldpreferably be removedprior to insertmg the 
25 cassetteintotheorganchamber40. Further, where a plurality of organs are to be 
perfiised. an organ chamber may be provided for each organ. 

The organ bath is preferably cooled to a predetemiined temperature by a second 
thermoelectric unit 30b in heat transfer communication with the organ chamber 40. 
Alternatively and preferably where the organ perfiision device is going to be 
30 transported,themedicalfluidwithinreservoirlOcanbecooledutilizingacryo^^ 

fluid heat exchanger apparatus such as that disclosed in co-pending appUcation Senal 
No. 09/039,443, which is hereby incorporated by reference. A temperature sensor T2 
^vithin the organ chamber 40 relays the temperature of the organ 60 to the 
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microprocessor 150. which adjusts the thermoelectric unit 30b to mamtain a desired 
organ temperature and/or displays the temperature on the control and display areas 5c 

for manual adjustment. 

Medical fluid may be fed from the bag 15a directly to an organ 60 disposed m 
the organ chamber 40 through tubing 50a,50b,50c or from bag 15b through tubing 

50d 50e,50c by opening valve LV, or LV3, respectively. Conventional medical fluid 
bag and tubing connections are utilized. AU tubing is disposable, easily replaceable and 
ir^terchangeable. Further, all tubing is formed of or coated with materials compatible 
with the medical fluids used, more preferably non-thrombogenic materials. An end of 
the tubing 50c is in^d into the organ 60. Tlie tubing is connected to the organ(s) with 
conventional methods, for example, with sutures. The tubing may include a lip to 
facilitate comiection to the organ. However, the specific methods and comiection 
depend on the type of organs(s) to be perfiised. 

n^e microprocessor 150 preferably controls the pressure source 20 in response 
to signals from the pressure sensor PI to control the pressure of the medical fluid fed 
into the organ 60. The microprocessor 1 50 may display the pressure on the control 
and display areas 5a, optionally formanual adjustment. A fluid flow monitor Fl may 
also be provided on the tubing 50c to monitor the flow of medical fluid entenng the 
organ 60 to indicate, for example, whether there are any leaks present in the organ. 

Alternatively, the medical fluid may be fed from the reservoir tank 17 via 
tubing 51 into an intermediary tank 70 preferably having a pressure head of 
approximately 5 to 40 mm Hg. Medical fluid is then fed by gravity from the 
intermediary tank 70 to the organ 60 along tubing 50c by activating a valve LV, A 
level sensor 7 1 is provided m the intermediary tank 70 in orxler to maintain the 
, pressurehead. Where a plurality oforgan chambers 40 and organs 60 are provided, the 
organs 60 are connected in parallel to the reservoir 10 utilizing suitable tubing 
dupUcativeofthatshowninFig.2. See, for example. Fig. 12. Theuseof 
pneumatically pressurized and gravity fed fluid pumps configured to avoid 
overpressurization even in cases of system failure prevents general tissue damage to 
0 the organ and the washing a^y of or damage to the vascular endothelial lining of the 
organ Tims, organ perfusion in this system can be performed with either hydrostatic 
perfiision (gravity fed flow) or peristaltic perfusion by infroducing flow to the organ 
from a peristaltic (roller) pump. 
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A bubble detection system may be installed to sense bubbles in the perfusate. 
An air sensor and sensor board are preferably used. The output of the sensor activates 
adebubbler system, such as an open solenoid valve, to rid bubbles fiom the perfixsate 

flow prior to organ introduction. As with all of the sen«>rs and detectors m this 
system the bubble detector may be positioned at any point in the system that is 
effective based on the particular parameters or design characteristics of the system. 
For example, a bubble detector and debubbler system BD may be positioned between 
the cam valve 205 and pressure sensorPl, as shown in Fig. 1. 

A stepping motor/cam valve 205 may be airanged on the tubing 50c to provide 
pulsatile delivery of the medical fluid to the organ 60, to decrease the pressure of the 
medical fluid fed into the organ 60, and/or to stop flow of medical fluid into the organ 
60 if the perfiision pressure exceeds a predetemiined amount. Specific embodiments 
ofthesteppingmotor/camvalveareshowninFigs.l3A-13Bandl4A-14F. Figs. 

13A-13B show a stepping motor/rotational type cam valve. 

Fig 13A is a top view of the apparatus. Tubing, for example, tubing 50c, is 
interposed between a support 203 and cam 200. Cam 200 is connected by a rod 201 
to stepping motor 202. Fig. 13B is a side view of the apparatus. Hie dashed Ime 
shows the rotational span ofthe cam 200. InFig. 13B, the cam 200 is in its non- 
occluding position. Rotated 180 degrees, the cam 200 totally occludes the tubmg 50c 
with varying degrees of occlusion therebetween. THis stepping motor/cam valve is 
relatively fast, for example, with respect to the embodiment shown in Figs. 14A - 14F; 
however, it requires a strong stepping motor. 

Figs 14A - 14F disclose another stepping motor/cam valve 210 accordmg to 
the invention. Fig. 14A is a side view ofthe apparatus while Fig. 14C is a top view. 

Tubing, for example, tubing 50c. is interposed b^een cam 220 and support 223. 
THe cam 220 is comiected to stepping motor 222 by supports 221a-221dand helical 

screw 225 which is comiected to the stepping motor 222 via plate 222a. Fig. MB 
shows the supports 221aand plate 222ainfront view. AsshowinFig. 14D, where 
the support 221d is to the left of the center of the helical screw 225, the tubing 50c is 
not occluded. However, as the helical screw 225 is turned by the stepping motor 222. 
thesupport221dmovestotheleft(withrespecttoFigs.l4D-14F)towardaposition 

where the cam 220 partially or ftiUy occludes the tubing 50c. Such apparatus is 
slower than the apparams of Figs. 13A - 13B, but is more energy efficient. 
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Medical fluid expelled from *e organ 60 which has coUeaed in .he bo«om of 
to bag 69 (d.e cassette 65 or d« organ chamber 40) is either pumped out through 
tubingSl byapump80forfll,radon.passing.hroughafilt=r»m.82a„dbemg 
,e,ur«dtothe„rganba,h,orUpumpedo»tb,apun.p90fo,ci,culado„tbrough 

hrbing 91 He pumps 80, 90 are preferably con^ntional roller pumps; howe«. 
odter typ^s of pumps may aiso he appropriate. A level sensor L2 in communi^on 
,*h.hemicroprocessorl50ensures.ha.apr«.eterminedievclofe.enentmed.ea, 

nmd is maintained within theorganchamber 40. A temperature sensorTl disposed 
in the tubing91 relays the temperamreofthem^Jical fluid pumHoutofd* organ 
, ^,halong»bing9. tothemicroprocessor 150, whichmonitorsdtesame. Apressure 

sen«>r P2 disposed along the mbing 91 relays the pressure therem to the 
^croprocessor 150, which sbutsdownthe system if thefluidpressureinftembrng 
,1 exceedsaptedetermined limit, or a^ivates an alarm to notify the operator that the 

system should be shut down, for example, to clean filters or the hke. 

Asthemediealf.»idispumped.long«.hing91 i, passes d™.ugh a filter um^^ 
95(e.g..25Ml^2M.»M.2.an*or0.1^fUters,;aCO,scrabher/O.membmne.00 

and an oxyge™>tt,r 110. for example, a lOSTRA™ oxygenator. CO, scrubber/0, 
membnme 100 is preferably a hydn.phobic macroporous membrane wtth a 
hydrophilie<e.g,Hypoi)c„a.inginan enclosure. Avacuumsourcelnotshownjts 

» utili^toapplyalowvacuumonasideoppositet^hydrophihcc^gbythe 
^vaUonofvalvcW,. A hydrostatic pressure of approximately mm Hg.s 
quired for a,u»uspassageto«gh.hemembrane.Themecba.icalrel,rfva^ 
Shown) prevents the pressure differential from attaimng this level. Immobtod 
pegolated carbonic anhydrase may be included in the hydrophlBc coating. -Dus 

^ allowsbicarbona.etobeconver.ed,oCO.andsubse<,uentiyrem„vedbyvacu„m 
venting. Howewr.wi.h„rganssuchaskidneyswhiehhave,beahiUt,toelm.mate 

bicarbonate, this may be mmeeessary except in certain cases. 

The oxyg^tator 1 10 is ptefcntbly a two stage oxyge»>tor which prefembly 
toeludes a hydropbilically coated low porosity oxygen pemteable membrane. A 
30 portionofthemedicalfluidisdivertedaro^tdtheoxygenatoralongb^inglllm 
which is disposedavi^mtysen^Vl, which senses fluidchamctenstics, such as 
„^resis.a„ce(prcss„re«low,,pH,p0.pCO„LDaT/OSTand/orTpmtein. 
indicativeofanorgan-sviabUity. The viability sensor VI isincommunrcauonwtth 
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the microprocessor 150 and allows the organ's viabUity to be assessed either 
automatically or manually. One of two gases, preferably lOQo/. oxygen and 95/5% 
oxygen/carbon dioxide, is placed on the opposite side of the membrane depending on 
the pH level of the diverted medical fluid. Alternatively, another pump (not shown) 
5 may be provided which pumps effluent medical fluid out of the organ chamber 40 and 
through a viability sensor before returning it to the bath, or the viability ^nsor can be 
placed on tubing 81 utilizing pump 80. 

Alternative to the pump 90, filter unit 95. the CO. scrubber/O, membrane 100 
and/or the oxygenator 110, a modular combined pump, filtration, oxygenation and/or 

1 0 debubbler apparatus may be employed such as that described in detail in 

simultaneouslymedco-pendingU.S.PatentApplicationNo. 09/039,318, which is 

hereby incorporated by reference. As shown in Figs. 4 - 10, the apparatus 5001 .s 
fonnedofstackable modules, m apparatus 5001 is capable of pumping a fluid through 
a system as well as oxygenating, filtering and/or debubbUng the fluid. The modules are 
1 5 each formed of a plurality of stackable support members and ^ easily combmable to 
fom^acompactapparatuscontaining desired components. Filtration, oxygenation 
and/or degassing membranes are disposed between the support members. 

Figures 4-8 show various modules that may be stacked to form a combmed 
pump, filtration, oxygenation and/or debubbler apparatus, such as the combined 
20 pump, filtration, oxygenation and debubbler apparatus 5001 shown in Figs. 9-10. As 
depicts in these figures, the combined pump, filtration, oxygenation and debubbler 
apparatus 5001 is preferably fomied of a plurality of stackable support members 
groupable to form one or more modules. 

Interposed between the plurality of stackable support member are filtration, 
25 oxygenationand/ordegassingmembranesdependingonaparticularuse^sneeds. THe 

filtration, oxygenation and/or degassing membranes are preferably commercially 
available macro-reticular hydrophobic polymer membranes hydrophilically grafted m 
a commercially known way, such as, for example, ethoxylaUon, to prevent protem 
deprivation, enhance biocompatibility with, for example, blood and to reduce clottmg 
30 tendencies. The filtration membrane(s) is preferably hydrophilically grafted all the 
way through and preferably has a porosity (pore size) within a range of 15 to 35n, 
more preferably 20 to 30^. to filter debris in a fluid, preferably without filtering out 
cellular or molecular components of the fluid. The degassing membrane(s) and 
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oxygenation membrane(s) are hydrophilically surface treated to maintain a liquid-gas 
boundary. The degassing membrane(s) and oxygenation membrane(s) preferably 
have a porosity of 1 5^ or less, more preferably lOn or less. 

The modules may include a first pump module 5010, as shown in exploded 

5 view in Fig. 4; a filtration module 5020, as shown in exploded view in Fig. 5; an 

oxygenation module 5030, as shown in exploded view in Fig. 6; a debubbler module 
5040 as shown in exploded view in Fig. 7; and a second pump module 5050, as 
shown in exploded view in Fig. 8. The pump modules are each connected to a source 
of pump fluid and are actuated either manually or by the microprocessor. The support 

10 members are preferably similarly shaped. For example, the support members may 
each be plate-shaped; however, other shapes may also be appropriate. As shown m 
Fig 10 thesupportmembersarepxeferablyremovablycom.ectedbyscrewsorbolts 

5065- however, other fasteners for assembling the apparatus may also be appropriate, 
nve first pump module 5010 preferably includes a first (end) support member 
15 5011 asecondsupportmember5012withacut-outcenterarea5012c,adiapbragm 
5013 andathirdsupportmemberSOH. n,e support members of this module and 

each of the other modules are preferably thin and substantially flat (plate-like), and 
can be formed of any appropriate material with adequate rigidity and preferably also 

biocompatibility. For example, various resins and metals may be acceptable. A 
20 preferred material is an acrylic/polycarbonate resin. 

The first (end) support member 501 1 is preferably solid and provides support 
for the pump module 5010. Tlae f^ (end) support member 501 1 preferably includes 
adomed-out cavity for receiving pump fluid such as air. Tubing 5011tis provided to 

allow the pump fluid to enter the pump module 5010. diaphragm 5013 may be 
25 made of any suitable elastic and preferably biocompatible material, and is preferably 
polyurethane. The third support member 5014 includes a domed-out fluid cavrty 
5014d and tubing 5014t for receiving fluid, such as, for example, blood or an artrficial 
perfusate, into the cavity 5014d of the pump module 5010. mfirst pump module, or 

any of the other modules, may also include a port 5014p for sensors or the hke. 
30 Preferably hemocompatible anti-backflow valves serve to allow unidirectional flow 

through the pump module 5010. 

The filtration module 5020 preferably includes a filtration membrane 5021m 
which formsaboundary of cavity 5014d,afirst support member 5022 withacut-out 
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center area 5022c, a degassing membrane 5022m and second and third support 
members 5023 and 5024. The filtration membrane 5021m is preferably a 25, macro- 
reticular filtration membrane modified to enhance biocompatibility with, for example, 
blood and to r^uce clotting tendencies (like the other supports, filters and membranes 
5 in the device). The degassing membrane 5022m is preferably a 0.2 - 3^i macro- 

reticular degassing membrane with a reverse flow aqueous pressure differential of at 
least 100 mmHg for CO.iemoval surface modified to enhance biocompaUbihty. 

The first support 5022 includes tubing 5022t for forwarding fluid into the 
oxygenation module 30, or another adjacent module, if applicable, after it has passed 
10 through the filtration membrane 5021m and along the degassing membrane 5022m. 

The second support member 5023 of the filtration module 5020 includes a domed-out 
fluid cavity 5023d and tubing 5023t through which a vacuum may be applied to the 
cavity 5023d to draw gas out of the fluid through degassing membrane 5022m. The 
fourth support member 5024 is preferably soUd and provides support for the filtration 
15 module5020. ^ third support member can also include tubing 5024t through which 
a vacuum may be applied to draw gas out of the fluid through the degassmg 
n^embrane 5031m of the oxygenation module 5030 as discussed below. The filtration 
„,odule 5020, or any ofthe other modules, may also includeaport5023pfor sensors 

or the Uke. 

20 The oxygenation module 5030 includes a degassing membrane 5031m, a first 

support member 5032, a filtration membrane 5033m, an oxygenation membrane 
5034m asecond support member 5034 withacut-out center area 5034C. and third and 

fourth support members 5035. 5036. Tlie degassing membrane 5031m is preferably a 
0 2 - 3 n macro-reticular degassing membrane with a reverse flow aqueous pressure 
25 differential of at least 100 mmHg surface modified to enhance biocompatibility. 

The first support member 5032 includes a domed-out fluid cavity 5032d. The 
surface of the domed-out fluid cavity 5032d preferably forms a tortuous path for the 
fluid which enhances the oxygenation and degassing of the fluid. THe filtration 
membrane 5033m is preferably a 25, macro-reticular filtration membrane modified to 
30 enhance biocompatibility. THe oxygenation membrane 5034m is preferably a 0.2 - 1 , 
macro-reticular oxygenation membrane with a reverse flow aqueous pressure 
differential of at least 100 mmHg surface modified to enhance biocompatibihty. 
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n.e second support member 5034 includes tubing 5034t for forwarding flmd 
out ofthe oxygenation module 5030 into the debubbler module 5040, or another 
adjacent module, if applicable. Tl^e third support member 5035includesadomed-out 

cavity5035dandtubing5035tforreceivingoxygenfromanextemalsource. Th. 
, fourth support member 5036 is preferably soUd and provides support for the 

oxygenation module 5030. 

The debabble. module 5040 includes a firs. s^,po« mcu*er 5041, a fil^uon 
membrane 5042m, a degassing membrane 5043m, a seeond support member 5043 
having a cutout cen.« area 5043c, and a ftird support member 5044. The tat 
0 support member 5041 has a domed-out fluid cavity 5041d. 

Tte miration membnme 5042m is preferably a 25, macro-retieular fUtmbon 
^bmne modified to ert^nee biocompatibUity. Hre degassing membrane 5043m ,s 
prefembly a 0.2 - 3p macro-reticular dega==ing membrane »i,h a reverse flow 
a<^„s pre^^ure differential of a. least 100 mmHg surftce modified to enhance 
,5 biocompadbility. The second support member 5043 has nrbing 5043t for fo— 

fluid out ofthe debubbler module 5040 into the pump module 5050, or another 
^Ijacentmodule. if applicable. The.hirdsup^rtmember5044includesadom«i-ou. 

cavity 5044d and tubing 5044t through which a vacuum may be applied to draw gas 

out ofthe fluid though the degassing membrane 5043m. 
20 The second pump module 5050 may correspond to the firs, pump 

nrodule 5010. It preferably includesaflrstsuppon member 5051.adiaphragmM52, 
asecondsuppK^memher 5053 »thacu..ou.een.er area 5053c,.ndafln,d(e»i) 
support member 5054. Tlre first support member 5051 mcludes a domed on. flmd 
caviV 5051d and tobing 505 1. for allowing fluid .o exit d>e pump module. Tte 
25 dianh.agm5052ispreterablyapolyureflumebladder. 

Tta third (end) support piece member 5054 is preferably solid and provdes 
support forthe pump mo*rl. 5050. S„Pf».t member 5054 prefembly includes a 
domed out cavity (not shown) for r«eiv,ng pump fluid. Tubing 5054a is prov-ded to 
allow ti>e pump fluid such as air .o en«r 4e pump module 5050. Preferably 
,0 hemocompa«bleand-bacldlowvalvesmayse,ye.oal.owunidi,ecUonalflow«™u^ 

the pump module 5050. 

In operation, blood and/or medical fluid enters the first pump module 5010 
through tube 5014t passes through the filtrationmembrane502lm and along the 
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degassing membrane 5022m. A «nall vacuum is applied through tubing 5023t to 
draw gasthroughthedegassingmembrane 5022m. Next, the blood and/or medacal 
fluid travels into the oxygenationmodule5030via internal tubing 5022t,passmg 

along the degassing membrane 5031m. through the filtration membrane 5033m and 
along the oxygenation membrane 5034m. Oxygen is received into the domed-out 
cavity 5035dofthe third support memberoftheoxygenationmodule 5030 viatubmg 

5035t and passes through the oxygenation membrane 5034m into the blood and/or 
medical fluid as the blood and/or medical fluid travels along its surface. 

After being oxygenated by the oxygenation module 5030, the blood and/or 
medical fluid then travels via internal tubing 5034t into the debubbler module 5040. 

■n,e blood and/or medical fluid passes through the filtration membrane 5042m and 
along the degassing membrane 5043m. A small vacuum force is applied through 
tubing 5044tto draw gas out ofthe blood and/or medical fluid throughtbedegassmg 

membrane5043m After passing through the degassing module 5040, the blood 
and/or medical fluidtravels into the s^ndpumpmodule 5050 throughtubing5041t, 

and exits the second pump module 5050 via tubing 505 It. 

After passing through the oxygenator 1 1 0, or alternatively through the 
combined pump, oxygenation, filtration and/or degassing apparatus 5001, the 
recirculated medical fluid is selectively either directed to the reservoir 15^ 
in use along tubing 92a or 92b, respectively.by activating the respective valveLV. 
andLV^on the tixbing 92a or 92b, or into ti.e organ chamber 40 to supplement the 
organbathby activating valveLV..Pressu:.sensorsP3andP4 monitor thepressure 
ofti^e medical fluid retim^ed to the bagl5aorl5b not inuscAmechanical safety 

valve MV, is provided on tixbing 91 to allow for emergency manual cut off of flow 
therethrough. Also, tubing 96 and manual valve MV, are provided to aUow the 
apparatixs to be drained after use and to operate underasingle pass mode in wh.ch 

perfusate exiting the organ is directed to waste rather than being recirculated 

(recirculation mode.) 

A bicarbonate reservoir 130, syringe pump 131 and tubing 132. and an 
excretion withdrawal unit 120. in communication with a vacuum (not shown) v.a 
vacuum valveW.andtiabingnia, 122a are also each provided adjacent to andm 

communication with the organ chamber 40. 
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The method according to the invention preferably utilizes apparatus such as 
that discussed above to perfuse an organ to sustain, monitor and/or restore the 
viability of an organ and/or to transport and/or store the organ. Preservation of the 
viabilityofanorganisakeyfactortoasuccessfolorgantransplant. Organsfor 
tr^lant are often deprived of oxygen (kno^^ as ischemia) for extended penods of 
tinie due to disease or injury to the donor body, during removal of the organ from the 
donor body and/or during storage and/or transport to a donee body. The method 
according to the present invention focuses on three concepts in order to preserve an 
organ's viability prior to transplant of the organ into a donor body - treating the 
cellular mitochondria to maintain and/or restore pre-ischemia energy and enzyme 
levels, preventing general tissue damage to the organ, and preventing the washmg 
away of or damage to the vascular endothelial lining of the organ. 

The mitochondria are the energy source in cells. They need large amounts of 
oxygen to function. When deprived of oxygen, their capacity to produce energy .s 
reduced or inhibited. Additionally.at temperatures below 20 OC the mitochondria^ 

unable to utilize oxygen to produce energy. By perfusing the organ with an oxygen 
rich medical fluid at normothermic temperatures, the mitochondria are provided wrth 

sufficient amounts of oxygen so that pre-ischemia levels of reserve high energy 
nucleotide, that is, ATP levels, in the organ reduced by the lack of oxygen are 
, n^aintainedand/orrestoredalongwithlevelsofenzymesthatprotecttheorgan'scells 

from free radical scavengers. Pyruvate rich solutions, such as that disclosed m U.S. 
Patent No 5,066,578, are incapable of maintaining and/or restoring an organ's pre- 
ischemia energy levels and only frmction in the short term to raise the level of ATP a 
small amount, mt is, organs naturally have significant pyruvate levels. Providing 
an organ v«th additional pyruvate wUl not assist in restoring and/or maintaimng the 
organ's pre-ischemia energy levels if the mitochondria are not provided wrth 
sufficient oxygen to produce energy. Tlius, the normothermic perfusion fluidmay 

contain pyruvate but may also contain littie or no pyruvate. For example, .t can 
contain less than 6 mM of pyruvate, 5 mM, 4 mM, or even no pyruvate. Other known 
preservationsolutions, such as that disclosed inU.S.PatentNo.5,599.659,also fail to 

contain sufficient oxygen to restore and/or maintain pre-ischmia energy and enzyme 

levels. 
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After maintaining and/or restoring the organ's pre-ischemia energy levels by 
perfosingtheorganwithanoxygenrichfirstmedicalfluidatnonnothermicornear- 

normothermictemperaturesCthenonnothennic mode), the organ is perfu^v.^ 
second medical fluid at hypothermic temperatures (the hypothermic mode). The 

5 hypothermic temperatures slow the organ's metabolism and conserve energy dunng 
storage and/or transport of the organ prior to introduction of the organ into a donee 
body The medical fluid utilized in the hypothermic mode contains litde or no 
oxygen which camiot be utilized by mitochondria to produce energy below 
approximately 20»C. The medical fluid may include antioxidants and other tissue 

, 0 protecting agents, such as, for example, ascorbic acid, glutathione, water soluble 

vitamin E. catalase, or superoxide dismutase to protect against high firee radical 

formation which occurs at low temperatures due to the reduction m 
eatalase/superoxide dismutase production. Further, various dnags and agents su^ 

hormones, vitamins, nutrients, antibiotics andothers may be added to either sol^^^^^ 
15 whereappropriate. Additionally, vasodilators, such as, for example, peptides, may be 
added to the medical fluid to maintain flow even in condition of mjury. 

Prior to normothermic perfusion with the oxygen rich first medical fluid at 
normothermic temperatures, the organ may be flushed withamedical solution 

containinglitUeornooxygenandpreferablycontainingantioxidants. Tlieflushmg 
20 may be performed at either normothermic, near-normothermic or hypothermic 

temperatures. 

The organ may be pet&sed at nonnolhermic or „ear-K.m.olhenme 

u^pera^^ .o """'^ " 

hypotomic u^mperame. for *.ra6e and flien n.a, be Bansporttd witou. or 
25 preferably^arhypottennicperfusion. Also. Are nonnoU,em,ie perf«o„ may be 
performedtavivo pri„r»r«.ova.of*e organ ftom are donor body. Fwte,*e 

organ may be perfused a, «„motennic temperatures to sustain, monitor and/or 
resto,eitsviabilit,pdortobeingper«.s«i.thypoU,ennietemperamresprcpa»tor, 

^rageand/ortransport. TTrcn .he organ may be Ba.splan.ed into a donee body »h,le 
30 ,emainingath,po.b«mietemp«atures.ori.ma,.irstt..bicctedtonormo.hernnc 
perfusiontohe,pi..eeove,9on,d.eettee«ofs«»ageand/„,.ransport Intelatter 
oase itn>ay*enbe«ansplanteda.normo*ermicUn.peramres,orprefe,ably,be 
hyp^hemueally perfcsed again tor ttansplaniation a. hypoU^mnc temperances. 
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After transplant, the organ may optionally agam be perfused at normothennic 
temperatures in vivo, or allowed to warm up from the circulation of the donee. 

The organ cassette according to the present invention allows an organ(s) to be 
easily transported to an organ recipient and/or between organ perfusion apparatus in a 
5 portable transport apparatus, such as, for example, a conventional cooler or a portable 
container such as that disclosed in co-pending U.S. Apphcation No. 09/161 ,919. 
Because the organcassette may be provided withopenings to allowtheinsertionof 

tubing of an organ perfusion apparatus into the ca^ette for connection to an organ 
disposed therein, or may be provided with its own mbing and connection device or 
1 0 devices to allow connection to tubing from an organ perfusion apparatus and/or also 

^th its o.. valve, itprovidesaprotective environment for an organ for storage and/or 

transport while fecilitating insertion of the organ into and/or connection of an organ to 
tiie tubing ofanorgan perfusion device. Further,the organ cassette may also includea 

handletofecilitate transport ofthecassetteandmay be formed ofatransp^^ 

15 so flie organ may be visually monitored. 

Optionally, tire apparatus may include a Global Positionmg System (GPS) (not 
shown)toallowtrackingoftirelocationoftheorgan(s). The apparattrs may also mclude 
adatalogger and/or transmitter(not shown) to allowmonitoring of tire organ(s)at tire 

location of tire apparatus or at anotirer location. 
20 The metirod of tire invention will be discussed below in terms of tire operation 

oftireapparatusshowninFig.2. However, otirer apparams may be used to perform 

the inventive method. 

As previously discussed, tire apparatus discussed above can operate in two 
^odes: a normotirermic perfirsion mode and a hypotirermic perfusion mode. The 
25 normotirennicperfusionmodewillbediscussedfrrstfollowedbyadiscussiono^ 

hypotirermic perfusion mode. Repetitive description will be omrtted. 

In tire normotirermic or near-normotirermic perfusion mode, an organ rs 
perfused for preferably yao6hours, more preferably /.to4hours,mostpreferably/. 
to 1 hour.witiramedicalfluidmaintainedpreferablywitirinarange of approximately 
30 15X(forexample,roomtempera^)to38oC,morepreferablyl8»Cto35»C.most 
preferably 18»C to 25«'C by tire tirermoelectric unit 30a disposed in heat exchange 
communication witir tire medical fluid reservoir 10. 
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As discussed above, in this mode, the medical fluid is preferably an 
oxygenated cross-linked hemoglobin-based bicarbonate solution. Cross-linked 
hemoglobin-based medical fluids can deliver up to 1 50 times more oxygen to an 
organ per perfusate volume than, for example, a simple University of Wisconsm 
5 (UW) gluconate type perfusate. This allows normothermic perfusion for one to two 
hours to partially or totally restore depleted AIT levels. However, the invention xs 
not limited to this preservation solution. Other preservation solutions, such as those 
disclosed in U.S. Patents Nos. 5,149,321, 5^405 and 5.395,314 and co-pendmg 
U.S. Patent Application No. 08/484,601 , which are hereby incorporated by reference, 

1 0 may also be appropriate. 

In the normothermic perfusion mode, the medical fluid is fed directly to an 
organ disposed within the organ chamber 40 fi:om one or the other of bags 1 5a, 1 5b 
via tubing 50a,50b,50c or 50d,50e,50c, respectively. The organ is perfused at flow 
ratespreferablywithinarangeofapproximately3to5ml/gram/min. Pressure sensor 
15 PI fel.ys the perfusion pressure to the microprocessor 150, which varies the pressure 
supplied by the pressure source 20 to control the perfusion pressure and/or displays 
the pressure on the control and display areas 5a for manual adjustment. ll.e pressure 
is preferably controlled within a range of approximately 10 to 100 mm Hg, preferably 
50 to 90 mm Hg, by the combination of the pressure source 20 and pressure cuff 15a, 
20 15binuseandthesteppingmotor/camvalve65. 11.e compressor and cuffs prov.de 
gross pressure control. Tl^e stepping motor/cam valve 65, which is also controlled by 

the operator, or by the microprocessor 1 50 in response to signals from the pressure 
sensor P 1 further reduces and fme tunes the pressure and/or puts a pulse wave on the 
flow into the organ 60. If the perfusion pressure exceeds a predetermined Ihnrt, the 
25 steppingmotor/camvalve65maybeactivatedtoshutofffluidflowtotheorgan60. 

The specific pressures, flow rates and length of perfusion time at ti.e particular 
temperatiires will vary depending on the particular organ or organs being perfused. 
For example, hearts and kidneys are preferably perfused at a pressure of 
approximately 10 to 100 mm Hg and a flow rate of approximately 3 to 5 
30 ml/gram/min. for up to approximately 2 to 4 hours at normothermic temperatiues to 
n^tain and/or restore tiie viability of the organ by restoring and/or maintammg pre- 
ischemia energy levels of ti.e organ, and are then preferably perfused at a pressure of 
approximately 1 0 to 30 mm Hg and a flow rate of approximately 1 to 2 ml/gram/mm. 
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tor .s long a. app^ximately 72 hours to 7 days a. hypotomio »np«a««s for 
storage a.^or«>nspor,.How«er,*es=cn»a»U™yd^go.,heco„d.«^^ 
of««p»tic„lar organ, Ae donor body andyortedonee body and/or OB the s,«ofU» 

particular organ. One of ordinary skill in ar. can select appropriate eond>tton. 
™,ho«t undue experimentation in view of the guidance se, forth herem. 

Effluent medical fluid collects in .he bo«om of the organ chamber 40 and « 
„«intained»itoarangeof approximately 20^ U,38»C,P«ferably25"C,o37=C. 

more preft^bly 25 to 35»C by dte second thermoelectric unit 30b. Ue tempera^ 
^sorT2,elays*eorga„».pera«-.o*emicr„processor,50.»hichc„n.ro,s*e 

thermoelectric unit SOatoadjustftetemi^ramreofthe medical fluidandorganbath 

u,mah«aind»orga„60a,d,ede^«mpe,a«ue.and/or displays thetempcra.^ 

o„d.e control and display areas 5c for manual adjustment 

collected effluent medical fluid is pumped out by the pump 80 «a «.bmg 8 1 
^ughthe Alter uni.82and,henremmed,od,eorganbad,.™sfll.ersou,^c^ 
and/or cellular debrislK,m*eefllu».medicalfluidand.h.n,emmsfll«,edmed,ca. 
fluidtoactas thebathfor the organ60.Onced« level se^rL2sensesthata 
predetermined level oteffluent medical fluid is presentin .he organ chamb«« 

(preferably enough.omain*d>eorgan60immersedineffluen,m^calflu.d, 
additional effluent medical fluid is pum,«doutbyd,e pump 90 through t„bmg91. 

temperamre sensor Tl relays the ,empen«« of *e organ bath » the 

microprocessor 1 50. which controls ftc thermoelectric unit 30b adjust the 
tempc,a»reof*emedicalfluid«maintain*eorgan60atfl.edesir^.emperamre 

and/or displays *e temperamre on the control and display area 5c for manual 

adjustment and monitoring. 

AS noted above, to medical fluid can be directed to waste in a smgle pass 
m«lc or recirculated evenh^ly back U. d.e organ and/or bath (recirculaUon mode.) 

Along mbing 91, 0^ recirculated medical fluid is firs, pumped through d» 
mter unit 95. Use of a cr„ss-link«l hemoglobin medical fluid allows *e use of sub- 
mien fil«ation.o remove large surgical debris and eellular debris, as well as 
, ™s.llowsd,euseofmmu.alan.ibio,iclevels,aidmginpreven,mgo^ 

damage such as renal damage. 

Next, tbe recirculated medical fluid is pumped through the CO, scrubber/0, 
membrane 100. Tl.e medical fluid passes over the hydrophobic macroporous 
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membrane with a hydrophilic coating (for example. Hypol) and a low vacuum is 
appUed on the opposite side by activating valve W . which removes CO, from the 

recirculated medical fluid. 

Subsequently, a portion of the medical fluid then enters the oxygenator 110 

(for example, a JOSTRA™ oxygenator) and a portion is diverted therearound passing 
viatubinglllthoughthepH,pO„pCO„LDH,T/GSTandTproteinsensorVl.At 

this point two gases, preferably 100% oxygen and 95/5o/o oxygen/carbon dioxide, are 
respectively placed on the opposite sides of the membrane depending on the pH level 
of the diverted medical fluid. The gases are applied at a pressure of up to 200 mm Hg, 
preferably 50 to 100 mm Hg, preferably through a micrometer gas valve GV,. Hie 
cross-linked hemoglobin-based bicarbonate medical fluid may be formulated to 
require apCO,of approximately 40 mm Hg to be at the mid point (7.35) of apreferred 

pH range of 7.25-7.45. 

If the medical fluid exiting the oxygenator is within the preferred pH range 
(e g 7 25-7.45), 100% oxygen is delivered to the gas exchange chamber, and valve 
LV, 'is then not opened, allowing the perfusate to return to the reservoir 1 0 into the 
bag 15a or 15b not in use. If the returning perfusate pH is outside the range on the 
acidic side (e.g., less than 7.25), 100% oxygen is delivered to the gas exchange 
chamber and valve LV. is then opened allowing the perfusate to return to the organ 
chamber 40. Actuation of syringe pump 131 pumps, for example, one cc of a 
bicarbonate solution from the bicarbonate reservoir 130, via tubing 132 into the organ 
bath. Medical fluids with high hemoglobin content provide significant buffermg 
capacity. The addition of bicarbonate aids in buffering capacity and providing a 
reversible pH control mechanism. 

If the returning perfusate pH is outside the range on the basic side (e.g., greater 
than 7.25), 95/5% oxygen/carbon dioxide is delivered to the gas exchange chamber 
and valve LV, is not actuated, allowing the perfusate to return to the bag 1 5a orl 5b 
not in use. The bag 15a or 15b not in use is allowed to degas (e.g., any excess 
oxygen) through valve GV,. When the bag 15a or 15b in use has approximately 
250ml or less of medical fluid remaining therein, its respective cuff 16a, 16b is 
allowed to vent via its respective gas valve GV„ GV,. Then, the respective cuff 16a. 
16b of the bag 15a or 15b previously not in use is supplied with gas from the 
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compressed gas source 20 to deliver medical fluid to the organ to continue perfusion 

of the organ. 

In the hypothermic mode, an organ is perfused with a cooled medical fluid, 
preferably atatemperaturewithinarangeof approximately IXto IS^Cmore 
preferably 4 °C to 10 °C, most preferably around 10 "C. The medical fluid is 
preferably a crystalloid perfiisate without oxygenation and preferably supplemented 
with antioxidants and other tissue protecting agents, such as, for example, ascorbic 
acid, glutathione, water soluble vitamin E, catalase, or superoxide dismutase. 

Instead of feeding the medical fluid directly to the organ, the medical fluid 
may be fed from the reservoir tankl7 via tubing 51 into an intermediary tank 70 
preferably having a pressure head of approximately 5 to 40 mm Hg, more preferably 
10 to 30 mm Hg, most preferably around 20 mm Hg. Medical fluid is then fed by 
gravity from the intermediary tank 70 to the organ 60 along tubing 50c by activating a 
valve LV,. The level sensor 71 in the intermediary tank 70 is used to control the feed 
from reservoir tank 1 7 to maintain the desired pressure head. Because the medical 
fluid is fed to the organ by gravity in the hypothermic mode, there is less perfi^ion 
pressure induced damage to the delicate microvasculature of the organ. In fact, the 
pressure at which the organ is perfused is limited by the pressure head to at most 40 
mmHg, 

The stepping motor/cam valve 205 may be arranged on the tubing 50c to 
p„,vide pulsatile delivery of the medical fluid to the organ 60, to decrease the pressure 
of the medical fluid fed into the organ 60 for control purposes, or to stop flow of 
medical fluid into the organ 60, as described above. 

Further, in the hypothermic mode, because the organ 60 has less of a demand 
25 for nutrients, the medical fluid may be provided to the organ 60 intermittently (e.g., 
every two hours at a flow rate of up to approximately 100 ml/min.), or at a slow 
continuous flow rate (e.g., up to approximately 100 ml/min.) over a long period of 
time Intermittent perfiision can be implemented in the single pass mode or 
recirculation mode. The pump 80, filter unit 82 and tube 81 may be used to filter the 
30 organ bath along with use of the pH, pO„ pCO„ LDH, T/GST and Tprotein sensor, 
however, because the organ is unable to utilize oxygen at hypothermic temperatures, 
the oxygenator is not used. 
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Both the perfusate flow and the temperature regulation can be automatically 
controlled Such automatic control allows a rapid and reliable response to perfusion 
conditions during operation. Automatic flowcontrolcanbebasedontheparameters 

n^easu,^ from the system, including the perfusate flowrate. the perfusate pHexiU^^ 
the organ, the organ inlet pressure or timed sequences such as pr^-selected flow rates 

or switching between perfusate modes. Preferably, the flow control is based on 
pressuremonitoringoftheperfi^teinflowintotheorgan.TT.e benefits of automatic 

flow control include maintaining proper oxygenation and pH control while operating 
under continuous flow or controlled intermittent flow. Thermal control of the 
thermoelectric devices (TED) can regulate the temperature of the organ cassette or 
container and the perfusate reservoir. The thermal control is based on thermal 
n^easurements made for example by thermistor probes in the perfusate solution 

inside the organ or by sensors in the TED. 

The automatic control is preferably effected by an interactive control program 
using easily operated menu icons and displays. Tlie parameters may be prestored^^^ 
selection byauser or programmed bythe user during operation ofthe system. The 

control program is preferably implemented on a programmed general purpose 
computer. However, the controller can also be implemented on a special purpose 
computer,aprogrammedmicroprocessorormicrocontrollerandperipheralm^^^ 
circuitelements.anASICorotherintegratedcircuit,adigitalsignalprocessor,a 
hardwired electronic or logiccircuit such asadiscrete element circuit.aprog^^ 
logicdevice such asaPLD,PLA.FPGAorPAL.orthe like. In general, any device 

capableofimplementingafidtestatemachinethatisinninicapableofimpl^^^^ 
thecontrolprocessdescribedhereinmaybeused. The contK,l program is preferably 
in^plementedusingaROM. However, it may also be implemented using a PROM, an 
EPROM anEEPROM,anopticalROMdisk.suchasaCD-ROMorDVD-ROM.and 
disk drive or theUke. However, if desired, the control programmay be employedusmg 
static ordynamicRAM. Itmay also be implemented using a floppy disk and disk drive, 
awritable optical disk and disk drivcahard drive, flashmemoryorthehke. 

In operation, as seen in Fig. 15, the basic steps of operation to control 
periiisionofoneormoreorgansincludefirstinputtingorgandata. THe organ data 
includes at leastthe type of organ and the mass, mn, the program wiU prompt the 

user to select one or more types of perfiision modes. The types of perfusion modes. 
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and or of the pressures and flow rates accordingly. As previously discussed, the organ 
cassetteCs) can be configured to the shapes and sizes of specific organs or organ sxzes. 
The apparatus and method can also be used to provide an artificial blood supply to, 
such, for example, artificial placentas cell cultures, for growing/cloning organ(s). 
5 While the invention has been described in conjunction with a specific 

embodiment thereof, it is evident that many alternatives, modifications and variations 
„.ay be apparent to those skUled in the art. Acconiingly, the preferred embodiment of 
the invention as set forth herein is intended to be illustrative, not limiting. Vanous 
changes may be made without departing from the spirit and scope of the invention as 
1 0 defined in the following claims. 
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Yffl^TJg-fPT .AIMED IS: 

WT\^od of maintaining and/or restoring the viability of at least one 

orgJlvdct^ to a period of ischemia, comprising: 

^^sing said at least one organ with a first medical fluid at a first 
5 temperaturetoatleastoneofmaintainandrestorepre-ischemiaATPandenzyme 

levels in the organ, wherein the first medical fluid contains oxygen in an amount 
effective to cause the organ'smitochondria to at least oneofmaintain and restore pre- 

ischeraia ATP levels in the organ; and, 

at least one of storing and transporting the organ in an organ cassette after 
10 perfiisionoftheorganwiththefirstmedicalfluidatthefirsttemperaturctheorgan 

cassette including a portable housing, an organ supporting surface, and tubmg 
comiectable to the organ to allow perfusion of the organ. 

2. The method of claim l, herein the first medical fluid is formulated to 

avoid injuring the vascular endothelial lining of the organ. 
15 3. The method of claim 1, wherein the first medical fluid is an 

oxygenated hemoglobin-based solution. 

4. The method of claim 1 . wherein the first temperature is at least about 

5. Themethodofclaiml.fi^rthercomprisingmonitoringtheviabilityof 

20 the organ during said perfusing step. 

6 The method of claim 1 . wherein the organ is perfi^ed at least one of 
intermittently and continuously at the first temperature atapressurewithinarangeof 

approximately 40 to 100 mm Hg. 

7 The method of claim 1, wherein the organ is perfiised at the first 
25 temperatureutilizingaperfiisatepressuresourceincapableofprovidingpre^^ 

greater than 100 nun Hg. 

8 The method of claim 1, wherein the organ is perfiised at the first 

temperature with the first medical fluid utiUzing a pneumatically pressurized medical 
Add reservoir controlled inresponsetoapressure sensor disposed in tubing insert^^ 

30 into the organ. 

9 The method of claim 9, fiirther comprising utilizing a steppmg motor- 

activated' cam valve controlled in response to the pressure sensor disposed in tubing 
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inserted into the organ to at least one of reduce perfusion pressure and impose a pulse 

wave on the medical fluid. 

10. The method of claim 9, wherein a stepping motor-cam valve is 

provided for each organ. 

1 1 The method of claim 1, further comprising collecting medical fluid that 
has passed through the organ in a separate organ bath for each organ, removing 
medical fluid from each organ bath, filtering the medical fluid and retummg the 

medical fluid to each organ bath. 

,2 The method of claim 1, fi^er comprising collecting medical fluid that 
has passed through the organ from each organbath and sensing characteristicsofthe 

collected medical fluid indicative of organ viability to allow a determination of 
whether the viability of the organ has been at least one of sustained and restored. 

13 Tlie method of claim l.fiirther comprising collecting medical fluid that 
has passed through the organ in each organbath, filtering, degassing and oxygenating 

the medical fluid and then either returning the medical fluid to each organ bath or to a 
medical fluid reservoir based on a sensed pH level of the medical flmd. 

14. -me method of claim l, wherein the method fiirther comprises 
submerging the organ in a second medical fluid at a second 

temperature to at least one of store and transport the organ. 

15. The method of claim 1. wherein the method fiirther compnses 
perfiising the organ with a second medical fluid at a second 

temperature atleastoneofintermittently and continuously to at least one of store 

transport the organ. 

16. The method of claims 14 or 15, wherein the second fluid contams 

25 substantially no oxygen. 

17. The method of claim 16, wherein the second fluid is a simple 

crystalloid solution. 

18. The method of claim 17, wherein the second fluid contams 
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antioxidants. 
30 19. 
most 15''C. 
20. 



The method of clauns 14 or 15, wherein the second temperature is at 
The method of claim 15, fiirther comprising monitoring the viability of 



the organ during perfiision at the second temperature. 
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21 The method of claims 5 or 20, wherein the viability of each organ is 
n^omtoredbyasensor that senses fluidcharacterisUcsindicativeofor^ 
at least one of displays sensed data and relays sensed data to a microprocessor for 

assessment. 

22. -me method of claim 15, wherein the organ is perfused at the second 
temperature at a pressure within a range of approximately 5 to 40 mm Hg. 

23 The mediod of claim 1 5, wherein the organ is perfased at the second 
temperature utilizing a pressurized medical fluid reservoir configured to provide 

pressure no greater than 40 mm Hg. 

24 The method of claim 15, wherein the organ is perfused with the second 

n^edical fluid at the second temperature utilizing gravity from a pressure head medical 

fluid reservoir. 

25 The method of claun 24, further comprising utilizing a steppmg motor- 
activated cam valve provided for each organ and controlled in response to the pressure 

15 sensordisposedintubinginsertedintoeachorgantoatleastoneofreduceperfusron 

pressure and put a pulse wave on the medical fluid. 

26. The method of claims 14 or 15, further comprising transplantmg the 
organ into a mammal while the organ remains at the second temperature. 

27 The method of claim 26, further comprising again periusmg the organ 
20 with the first medical fluid at the first temperature after the organ has been 

transplanted into a mammal. 

28 The method of claim 26, fiirther comprising again perfusing the organ 
with the first medicd fluid at the first temperature prior to transplanting the organ into 

a mammal. ^ . *u 

j5 29 The meftodotdaim 28, ftitecompmi.* again pertemg the oisan 

™ft second fluid a. fte second «m.per.«.re prior » ttansptatog tt-e organ in«, a 

mammal. ^ • +u ♦ 

30 The method of claim 1. fi^er comprising prior to perfiismg the at 
least one organ with the first medical fluid at the first temperature, perfusing the organ 

30 v«th a medical fluid containing UtUe or no oxygen. 

31. The method of claim 30, wherein the medical fluid containing little or 

no oxygen includes antioxidants. 
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32. The method of claim 30, wherein the organ is perfused with the 
medical fluid containing little or no oxygen at a temperature of at least IS-C. 

33. The method of claim 30. wherein the portable housing is capable of 

maintaining the organ at a temperature of at most 1 5°C. 
5 34. The method of claim 1, further comprising monitoring the position of 

the organ using a global positioning system. 

35. A method of at least one of maintaining and restoring the viability of at 
least one organ subjected to a period of ischemia, comprising: 

perfusing said at least one organ with a first medical fluid at a first 
10 temperature to at least one of maintain and restore pre-ischemia energy levels in the 
organ; and 

perfiasing the organ with a second medical fluid at a second temperature to at 
least one of store and transport the organ. 

36. The method of claim 35, wherein the first medical fluid is an 
15 oxygenated solution and the second fluid contains substantially no oxygen. 

37 The method of claim 36, wherein the first medical fluid is an 
oxygenated hemoglobin-based solution and the second fluid is a simple crystalloid 
solution augmented with antioxidants. 

38. Hie method of claim 35. wherein the first temperature is at least about 

20 1 5°C and the second temperature is at most 1 5''C. 

39 The method of claim 35, fiarther comprising monitoring the viabibty of 
the organ during perfi^ion of the organ with the first medical fluid at the first 
temperature and during perfiision of the organ with the second medical fluid at the 

second temperature. 
25 40. A method of perfusing an organ, comprising: 

perfusing an organ utilizing at least one medical fluid reservoir, a fluid 

pathway com^ected to the reservoir and comaectable to the organ, and a perfiision 

pressure controller that controls pressux. of the perflate fix>m the medical flmd 

reservoir. 

30 41 The method of claim 40, wherein the at least one medical fluid 

reservoir is in communication with a pressure source and the fluid pathway, wherein 
the reservoir and pathway are configured to perfi.se the organ at a perfiision pressure 
controlled at least in part by varying the pressure provided to the reservoir by the 



wo 00/18226 

33 



PCT/US99/22582 



10 



pressure source, wherein thereservoirisaflexible<.ntdnerandti^^ 
comprises a cuff disposed around the container. 

42. The method of claim 41, wherein the pressure source is mcapable of 

providing a pressure exceeding 1 00 mm Hg. 

43 -nie method of claim 40, wherein the pressure controller includes a 

stepper motor-activated cam valve disposed on the fluid pathway, wherein the 
perfi^ion pressure iscontrolled at least in part by the pepper motor-activated^ 

valve. . 

44 The method of claim 40, wherein the pressure controller mcludes a 

g^vity pressure head tank in communication with the at least one medical fluid 
reservoir, with the fluid pathway connected to the pr^sure head tank, wherem the 

pressure head tank and pathway are configured to perfuse the organ ataperiusion 

pressure controlled at least in part by the gravity pressure head. 

45. A method of transporting and storing an organ, compnsmg. m 



15 sequence: 

a. 



perfiising said organ at a normothermic temperature to repair 

damage from warm ischemia; 

b. perfusing said organ at a hypothermic termperature; 

c. at least one of transporting and storing said organ at a 

20 hypothermic temperature; and 

d. perfiising said organ at a normothermic temperature to repair 

damage from the hypothermic transport or storage of step c. 

46 The method of claim 45, wherein said normothermic perfiismg steps a 
anddare performed with an oxygenated perfusion fluid and saidhypothermic 

25 perfiising step b is performed with a non-oxygenated perfiision flmd. 

47. The method of claim 45, wherein step c comprises transportmg said 
organ, and said method fiirther comprises: 

e. perfusing said organ at a hypothermic temperature after step d. 

48. The method of claim 47, fiirther comprising: 

f. storing said organ at a hypothermic temperature after step e. 
n^e method of claim 47, fiirther comprising transplanting said organ 



30 

49. 



after step e. 
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50. The method of claim 45, wherein step c comprises transporting said 
organ to a storage facility, and said method further comprises: 

e. perfiising said organ at a hypothermic temperature and storing 
said organ at a hypothermic temperature at said storage facility after step d. 

51. The method ofclaim 50, further comprising: 

f. perfusing said organ at a normothermic temperature to repair 

damage from the hypothermic storage of step e; 

g. perfijsing said organ at a hypothermic temperature; and 

h. transporting said organ to a transplant facility at a hypothermic 



10 temperature. 

52. 



20 



The method ofclaim 51, further comprising transplanting said organ 



after step h. 

53. The method ofclaim 51, further comprising: 

f. perfusing said organ at a normothermic temperature to repair 
15 damage from the hypothermic transport of step h; 

g. perfusing said organ at a hypothermic temperature; and 

h. transplanting said organ. 

54. Apparatus for perfusing at least one organ, comprising: 
at least one flexible medical fluid reservoir; 

a pressure controller in communication with the at least one flexible medical 

flmd reservoir, and 

a fluid pathway comiected to the reservoir and comiectable to the organ, 
wherein the organ perfiision pressure is controlled at least in part by varying the 
pressure with the pressure controller. 
25 55. The apparatus of claim 54, wherein the pressure controller is a pressure 

cuff disposed around the at least one flexible medical fluid reservoir. 

56. The apparatus ofclaim 55, wherein the pressure of the pressure cuff is 
provided by a tank containing compressed gas. 

57. The apparatus ofclaim 55, wherein the pressure of the pressure cuff is 

30 provided by a compressor. 

58. The apparatus ofclaim 54, fiirther comprising a global positioning 

system for monitoring the location of the organ. 
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59. The apparatus of claim 54, wherein the pressure controller includes a 
stepper motor-activated cam valve disposed on the fluid pathway, wherein the organ 
perfiision pressure is controlled at least in part by the stepper motor-activated cam 

valve. 

5 60. The apparatus of claim 54, wherein the pressure controller includes a 

gravity pressure head tank in fluid communication with the at least one medical fluid 
reservoir, wherein the fluid pathway is comiected to the pressure head tank and the 
organ perfiision pressure is controlled at least in part by the gravity pressure head. 

61. The apparatus of claims 55, 59 or 60, further comprising: 

10 a pressure sensor disposed in a tip of the fluid pathway comiectable to the 

organ, wherein the pressure controller is controlled in response to signals from the 

pressure sensor. 

62. Apparatus for perfusing at least one organ, comprising: 

at least one medical fluid reservoir; 
15 a fluid pathway connected to the reservoir and comiectable to the organ; 

a first heat exchanger in heat exchange communication with tiie medical fluid 

reservoir; and 

a controUer for controUmg the first heat exchanger to allow perfiision of the 
organ with medical fluid at botii normothermic and hypothermic temperatures. 
20 63. The apparatus ofclaim 62, fiirther comprising; 

an organ chamber for holding an organ to be perfiised and an organ 
bath of medical fluid that has passed through the organ; and 

a second heat exchanger in heat exchange communication with the 
organ chamber, wherein the controller controls the second heat exchanger to maintain 
25 the organ bath selectively at both normothermic and hypothermic temperatiHes. 

64. The apparatiis of claim 62, wherein the controller is a microprocessor. 

65. Apparatiis for holding an organ for at least one of perfiision, storage 
and transport of the organ, comprising: 

a portable housing; 

30 an organ supporting surface configured to support an organ while allowing 

effluent medical fluid to pass therethrough, wherem the portable housing is configured 
to be received by an organ perfiision device and includes openings configured to allow 
tubing to pass tiierethrough and be connected to the organ. 
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66. nie apparatus ofclaim 65, further comprising: 
tubing connectable to the organ to allow perfiision of the organ; and 
at least one connection device configured to allow connection of the tubmg to 

tubing of an organ perfusion device. 

67 Tl,e apparatus of claims 65 or 66. fi^er comprising a valve supported 
on an upper portionofthehousing and configured to controme pressure of medical 

fluid passed through tiibing operably connected to said valve. 

68. The apparatus of claim 67, wherein the valve is a stepper motor- 

activated cam valve. ^ . 

69 Tl« apparatus of data 65, »herein abonom portion otthe l>o«ng 
,i,„id-Ugh. and corfi^»coU«m=diodflmd««..bas passed .toughapera^ 

organ to form an organ batii. 

70. m apparatiis ofclaim 65, further comprising a handle disposed on an 

outer surface ofthe portable housing. 

71. Hie apparatus ofclaim 65, further comprising supports configured to 
supporttheappaxatuswheninsertedintoanorganperfusiondevice. 

72 A perfusion solution kit, comprising a saleable package contammg at 
least one first container holdingafirstperfi^ion solution for normothermicper^^^^ 

arid at least one second container holdingasecond, different perfiasionsol^^^^ 

20 hypothermic perfusion. 

73. Thekitofclaim72,whereinsaidfirstperfusionsolutioncontamsat 

least one oxygen carrier. 

74. The kit ofclaim 73, wherein said first perfusion solution is oxygenated 

and said second perfiision solution is non-oxygenated. 
25 75. Thekitofcla«n73,whereinsaidoxygencarrierisselectedfi:omthe 

group consisting of a hemoglobin and stabUized red blood cells. 

76 -me kit ofclaim 73, wherein said oxygen carrier is a hemoglobm. 

77. The kit of claim 73, wherein said second perfiision solution contains at 

least one anti-oxidant. 

30 78. THe kit of claim 72, wherein said second solution contains no more 

titan 5 mMofdissolved pyruvate salt. 

79. THe kit ofclaim 73, wherein said second perfiision solution contains at 

least one vasodilator. 
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80 The kit of claim 72. wherein said first container and said second 
container are configured to be operablyconnectedtoaperfusionmachine as ^^^^ 

fluid reservoirs in fluid communication with perfusate conduits of said perfi^ion 

machine. , a -a 

5 81 Th. kit of claim 80, wherein at least one of said first contamer and smd 

second container is compressible to applypressure to the perfi^ion solution the.^^ 

82 THe kit of claim 80, wherein at least one of said first container and said 
second container includesafirst opening for passageofacontainedperfi^ion solution 

out of said container and a second opening passage of a compressed gas into saxd 

10 container. 

83 THe kit of claim 80, wherein said package is a cassette configured to be 
operably connected toaperfiisionmachinefor connection ofsaidfirstcontainer and 

said second container within said cassette in fluid communication with perfiisate 

conduits of said perfiision machine. 
15 84. A control system for controlling perfusion to at least one organ with a 

medical fluid to maintain viability of the at least one organ, comprising: 
an input for inputting organ data; 

a perfusion selector for selecting one or more types of perfiision 



' control selector for selecting a type of flow control for each 



a flow ( 

selected perfusion mode; 

a controller for controlling flow of the medical fluid based on the 

selected perfiision mode and flow control; 

at least one detector for detecting operating conditions experienced by 
25 the medical fluid and organ during perfiision; 

a comparator for comparing detected operating conditions with 
prestoredoperating conditions and generatingasignalindicativeoforgan^^^^^^^ 

based on the comparison; and 

an indicator for generating a message relating to organ viability based 

30 on the signal generated by the comparator. 

85 THe control system of claim 84, wherein the flow control selector 
permits selectionbetweenaerobic and anaerobicperfiision for each sel^^ 

mode. 
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86. -me control system of claim 84. wherein the perfusion selector selects 
at least one of hypothermic perfusion, normothermic perfusion, and sequential 
normothermic and hypothermic perfusion. 

87. The control system of claim 84. wherein the perfusion selector selects a 
pluraUty of medical fluids at different temperatures. 

88 The control system of claim 84. wherein the perfusion selector selects 
at least one of intermittent perfusion, single pass perfusion, and recirculation 
perfusion. 

89 The control system of claim 84, wherein the flow control selector 
selects flow control based on at least one of perfusate flow rate, perfimte pH, organ 

inlet pressure and timed sequences. 

90. The control system of claim 84, wherein the at least one detector 
includes a pressure sensor, a pH detector, and an oxygen sensor. 

91 Tho control system of claim 84, further comprising a thermal controller 
for controlling temperature of at least one of the perfi^sate and the organ. 

92 The control system of clahn 91. further comprising an organ contamer 
andaperfi^te reservoir, wherein the thermal controller regulates temperato^ 

least one of the organ container and the perfusate reservoir. 

93. Ue control system of claim 91. fiirther comprising atemperature 
sensor that outputs temperature readmgs to the thermal controller. 

94. The control system of claim 84. wherein the perfusion selector and 
flow control selector include default settings based on organ type. 

95. The control system of claim 84. wherein the controUer controls 

perfusion to a plurality of organs. 

96. Tl,econtrolsystemofclaim84,whereintheinputacceptsdatarelating 

to organ type and organ mass. 

97. A metiiod of controlling perfusion of at least one organ with medical 

fluid, comprising: 

inputting organ data; 

selecting one or more types of perfusion modes; 
selecting a type of flow control for each selected perfiision mode; 
controlUng flow of the medical fluid based on the selected perfusion 
mode and flow control; 
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detecting operating conditiom experience 

organ during perfusion; 

comparing detected operating conditions with prestored operating 

conditions and generating a signal indicative of organ viability based on the 

5 comparison; and , 

generating a message relating to organ viability based on the signal 

generated by the comparator. 

98 The method of claim 97, wherein selecting a type of flow control 
includes selecting between aerobic and anaerobic perfi^ion for each select 

10 perfusion mode. 

99 The method of claim 97, wherein selecting one or more types ot 
perfusion modes mcludes selecting at least one of hypothermic perfusion, 
normo^ermic perfusion, and sequentialnormothermic and hypothermic ^^^^^ 

100 The method of claim 97, wherein selecting one or more types of 
perfusion modes includes selectirig a plurality of medical fluids at different 

temperatures. 

101 The method of claim 97, wherein selecting one or more types ot 
perfi^ionmodes includes selectingat least one ofintermittent perfusi^ 

perfusion, and recirculation perfiision. 

102 The method of claim 97, wherein selecting a type of flow control 
includes selectingflowcon^olbased on at least oneofperfUsateflowrate,per^ 

pH organ inlet pressure and timed sequences. 

103. The method ofclaim 97, wherein detecting operating conditions 

includes detecting pressure, pH, and oxygen levels. 

104. The method ofclaim 97, fiirther comprising controlling temperature of 
at least one of the perfiisate and the organ with a thermal controller. 

105 TTie method ofclaim 104, wherein controlling the temperature includes 
regulatingtemperature of atleastoneofthe organ container andaperfiisate^ 

106 TTie method ofclaim 104, fiirther sensing a temperature of at least one 
of an organ, an organ container,andaperfusate reservoir and outputting 

readings to the thermal controller. 

107 me method ofclahn 97, further comprising setting defeultsettmgs 

basedonorgantype for use inthe steps of selectingperfiisionmodeandflowcontrol. 
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The method of claim 97, including controlling perfiision to a plurality 



The method of claun 97, wherein inputting organ data includes 
inputting data relating to organ type and organ mass. 

110 A recording medium that stores a control program for use by perfusion 
system that perfuses at least one organ with a medic^ fluid, the control program 
including instructions for: 

inputting organ data; 

selecting one or more types of perfusion modes; 
selecting a type of flow control for each selected perfiision mode; 
controlling flow of the medical fluid based on the selected perfusion 

mode and flow control; 

detecting operating conditions experienced by the medical flmd and 

organ during perfusion; 

c„mp»mg detected opemtog eo»diaoi.s »ith prestored operatmg 

eondiUon. and g»e,adng a signal indicative of organ viabili^- based on d.e 

comparison; and , 

generating a message relating to organ viability based on the signal 

generated by the comparator. 
,0 111 n>ereeorfingmediumofelaimllO,»he«inseleetingatn>eofflo» 

e„„«,l includes selecting be™^aen*ic and ana^obiopertoion for each selected 

perfusion mode. 

,12 Thetecoriingmedinmotdaim 110. wherein selecting one or moK 
™s of perWon modes includes selecting a. leas. o« of hypotenuc perfusion, 
25 nonnoti^nnic perfusion, and sequential nonnotitennie and hypoti-ernucperta^ 

113 TtetecordingmediwoofclaimllCwhereinselectingorKormore 

^ of perfi^ion n,cdes includes selecting a plurality of medical fluids a. differs* 

temperatures. 

114 The recording medium of claim 110. wherein selectmg one or more 
30 typesofperfusionmodesincludesselectingatleastoneofintermittentper^^^^ 

single pass perfiision. and recirculation perfiision. 
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115 The recording medium of claim 110, wherein selecting a type of flow 
control includes selectingflow control based onatle^one of perfi.^^ 

perfusate pH, organ inlet pressure and timed sequences. 

116. TherecordingmediumofclaimllCwhereindetectingoperatmg 

5 conditions includes detecting pressure. pH, and oxygen levels. 

1 17 The recording medium of claim 1 10. further comprising controUmg 
temperature of at least one oftheperfi^sate and the organ withathermal controller. 

118 The recording medium of claim 117. wherein controlhng the 
temperature includes regulating temperatureof at least one oftheorgancontainera^^ 

10 a perfiisate reservoir. 

119 -n.erecordingmediumofclaim in.further sensingatemperatureof 

atleastoneofan organ, an organ container,andaperfusate reservoir and outputtmg 

temperature readings to the thermal controller. 

120 Therecordingmedium of claim 1 10. further comprising settmgdefeult 
settings based onorgan type for use inthestepsofselectingperft.ionmodeandflow 
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121. The recording medium of claim 110, including controlling perfusion to 

a plurality of organs. 

122. The recording medium of claim 1 10, wherein inputting organ data 

includes inputting data relating to organ type and organ mass. 
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